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Introduction: Higher level functional capacity is considered a crucial component for independent living
among the elderly. The aim of the present study was to show the relationships between self-assessed
masticatory ability and higher level functional capacity among young-old persons living indepen-
dently in the community.
Materials and methods: A total of 366 persons aged 67e74 years was enrolled in the study. Data on
background factors and self-assessed masticatory ability were collected by questionnaires. Self-assessed
masticatory ability was classiﬁed into one of three categories (ability to chew all kinds of food, only
somewhat hard food, or only soft or puréed food). Higher level functional capacity was measured using
the Tokyo Metropolitan Institute of Gerontology Index, which consists of three sublevels: instrumental
self-maintenance, intellectual activity, and social role.
Results: Signiﬁcant differences were found in the total score (13-point scale), intellectual activity (4-point
scale), and social role (4-point scale) among the three groups of self-assessed masticatory ability.
Multivariate logistic regression analysis showed that severely impaired masticatory ability (the ability to
chew only soft and puréed food) was signiﬁcantly related to a loss of three points or more for the total
score, and a loss of one point or more for intellectual activity and social role after adjustment for
a number of confounding variables.
Conclusion: Self-assessed masticatory ability is signiﬁcantly and independently related to higher level
functional capacity, especially intellectual activity and social role, among young-old persons living
independently in the community. It is worthwhile noting masticatory ability when clinicians investigate
factors associated with disability in independent living.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
The percentage of people aged 65 years or older in Japan
reached 22.7% in 2009, and continues to grow1. With the pop-
ulation growing older, it becomes necessary to protect against
declines in the health status of elderly persons. It was reported by
the Scientiﬁc Group on the Epidemiology of Aging (1984) that
autonomy of living was a signiﬁcant indicator of the health status of
the elderly2.erest.
ent of Oral Health, National
aitama 351-0197, Japan.
iwan Society of Geriatric EmergenLawton established a model of competence of the elderly con-
sisting of seven sublevels, of which the three higher sublevels, the
higher level functional capacity, are indispensable for an individual
to live a socially independent life3. To measure the three higher
level functional capacities of Japanese elderly persons, Koyano et al
developed a multidimensional 13-item index of competence
comprising three sublevels (instrumental self-maintenance, intel-
lectual activity, and social role), known as the Tokyo Metropolitan
Institute of Gerontology Index of Competence (TMIG-index), whose
validity has been established4.
There are a number of reports on the relationships between
masticatory ability and general health conditions in elderly persons
living independently5e8. These ﬁndings suggest that masticatory
ability may be a crucial component of the general health status ofcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
TMIG-index.
Subscales Questionnaires
Instrumental self
maintenance
1. Can you use public transportation (bus or train)
by yourself?
2. Are you able to shop for daily necessities?
3. Are you able to prepare meals by yourself?
4. Are you able to pay bills?
5. Can you handle your own banking?
Intellectual activity 6. Are you able to ﬁll out forms for your pension?
7. Do you read newspapers?
8. Do you read books or magazines?
9. Are you interested in news stories or programs
dealing with health?
Social role 10. Do you visit the homes of friends?
11. Are you sometimes called on for advice?
12. Are you able to visit sick friends?
13. Do you sometimes initiate conversations with
young people?
Table 2
Percentage distributions of participants by background factors and masticatory
ability (n¼ 366).
n %
Gender Female 228 62.3
Male 138 37.7
Age 67-68 78 21.3
69-70 years 80 21.9
71-72 99 27.0
73-74 years 109 29.8
Type of household Living with others 297 81.1
Living alone 69 18.9
Educational background 10 years or over 204 55.7
Less than10 years 162 44.3
Employment status Working 79 21.6
Not working 287 78.4
The number of chronic medical diseases 0 52 14.2
1-2 223 60.9
3 or more 91 24.9
Self-assessed masticatory ability Good 245 66.9
Fair 94 25.7
Poor 27 7.4
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ability is related to higher level functional capacity, but there have
been only two reports on this. One is a report about an old-old
population9, while the other is a report that investigated only the
total score of the TMIG-index10.
Although self-assessed masticatory ability is not objective, it is
considered an approximate index that represents total masticatory
function in elderly persons with impaired dental status, and it is
well suited for large-scale epidemiological studies because of its
simplicity of administration7,11. Furthermore, self-assessed masti-
catory ability is thought to be an indicator reﬂecting the general
health condition, including nutritional status and physical perfor-
mance, as well as mortality7,8,11. The aim of the present study was to
show how self-assessed masticatory ability is related to the TMIG-
index and its subscales among young-old persons living indepen-
dently in the community.
2. Materials and methods
A total of 411 persons, aged 67e74 years, residing indepen-
dently, underwent a dental health examination sponsored by the
public authority in a rural community (Yoichi) in Hokkaido, the
northernmost prefecture of Japan. The examinationwas performed
over 15 days from November to December 2009. All persons were
informed of the purpose of the study and asked whether they
wanted to participate. Of the 411 subjects, 381 (92.7%) agreed to
participate and provided their written informed consent. Fifteen
persons were excluded from the study because of missing data, and
366 persons were ﬁnally enrolled in the present study. Ethical
approval for the study was obtained from the ethics committee of
the National Institute of Public Health in Japan.
Participants were interviewed about demographic factors,
general health status, and self-assessed masticatory ability. Ques-
tions about demographic factors and general health status covered
age, sex, type of household (living with other family members or
living alone), educational background (< 10 years or  10 years of
education), current employment status (working or not working),
and the presence of chronic medical diseases such as hypertension,
cardiac conditions, diabetes, cerebrovascular complaints, respira-
tory tract complaints, renal conditions, rheumatoid arthritis, and
hepatic diseases. Self-assessed masticatory ability was assessed by
the following question: “Can you chew all kinds of food?” The
answers were divided into three categories: ability to chew all
kinds of food (Good); ability to chew only slightly hard food (Fair);
or ability to chew only soft or puréed food (Poor)7.
The higher level functional capacity of each participant was
measured using the TMIG-index, which consists of 13 multidi-
mensional items (Table 1)4. The participants were requested to
choose “Yes (able to do)” or “No (unable to do)” for each question,
and scored one for “yes” and zero for “no.” These items were
divided into three subscales: instrumental self-maintenance (ﬁve
items, 0e5 points), intellectual activity (four items, 0e4 points),
and social role (four items, 0e4 points). The total and each subscale
score were calculated: a score of 0e13 for the total, a score of 0e5
for instrumental self-maintenance, a score of 0e4 for intellectual
activity, and a score of 0e4 for social role. A higher score indicates
a higher level of competence.
Dental hygiene was evaluated for 299 participants with more
than six teeth using the Simpliﬁed Oral Hygiene Index (OHI-S; 0e6
points)12. The use of dentures was examined for 254 participants
who needed dentures because of missing teeth in the premolar and
molar regions.
The KruskaleWallis test was used to examine statistical differ-
ences in the TMIG-index and its three subscales among three
categories of self-assessed masticatory ability (Good, Fair, andPoor). To adjust for a number of confounding variables, multivariate
logistic regression models were constructed, with the total score of
the TMIG-index and its subscales as the dependent variable, self-
assessed masticatory ability as a principal independent variable,
and background factors as potential independent variables. The
model for the total score of the TMIG-index presented the odds
ratio and 95% conﬁdence interval for 11e12 points and 10 points or
less, compared with 13 points (a full mark). Odds ratio and 95%
conﬁdence interval were presented for three points or less (missing
1 or more points), as compared with four points (a full mark) in the
models of intellectual activity and social role.
The ManneWhitney U test was used to examine relationships
between the OHI-S and educational background, and between the
social role of the TMIG-index and the use of dentures. The
Spearman correlation coefﬁcient was calculated to examine the
correlation between the OHI-S and the social role of TMIG-index.
The Chi-square test was used to examine the relationship
between the use of dentures and educational background. Results
were considered to be statistically signiﬁcant at p< 0.05. The
statistical analysis was performed using the SPSS statistical package
(11.0 J for Windows, SPSS Japan, Tokyo, Japan).
3. Results
Percentage distributions by background factors and self-assessed
masticatory ability, and the TMIG-index and its subscales, are shown
in Table 2 and Table 3, respectively. Of all the participants, 7.4% had
Table 3
Percentage distributions of participants by TMIG-index and its subscales.
n %
Total score of TMIG-index
13 points (a full mark) 248 67.8
11-12 points (missing 1 or 2 points) 88 24.0
10 points or less (missing 3 points or more) 30 8.2
Instrumental self maintenance
5 points (a full mark) 335 91.5
4 points or less (missing 1 points or more 31 8.5
Intellectual activity
4 points (a full mark) 299 81.7
3 points or less (missing 1 points or more) 67 18.3
Social role
4 points (a full mark) 294 80.3
3 points or less (missing 1 points or more) 72 19.7
Mastication and Higher Level Functional Capacity 35severely impaired masticatory ability (Poor, the ability to chew only
soft or puréed food). There was a small number of participants who
had 10 points or less for the total score (missing 3 points or more)
and missing one or more points for each subscale.
The results of comparisons of the mean values of the TMIG-
index according to self-assessed masticatory ability are shown in
Table 4. There were no signiﬁcant differences in instrumental self
among the three groups of self-assessed masticatory ability, but
signiﬁcant differences were found in the total score, intellectual
activity, and social role.
Multivariate logistic regression models were used to examine
the relationships among the total score of the TMIG-index, intel-
lectual activity, social role, and self-assessed masticatory ability, to
adjust for a number of confounding variables (Table 5 and Table 6).
Severely impaired masticatory ability was signiﬁcantly related to
a score of 10 points or less (missing 3 points or more) for the total
score, and three points or less (missing 1 point or more) for
intellectual activity and social role. A shorter period of education
(less than 10 years) was signiﬁcantly related to 10 points or less for
the total score, as well as three points or less for intellectual
activity.
The mean values of OHI-S for the participants with a high
educational background (10 years or over; n¼ 171) and those with
a low educational background (under 10 years education; n¼ 128)
were 1.51.2 and 1.8 1.4, respectively (p¼ 0.074; ManneWhitney
U test). The Spearman correlation coefﬁcient between OHI-S and
social role in the TMIG-index was e0.085 (p¼ 0.143). Of 254
participants in need of dentures, 130 had a high educational back-
ground and 124 had a low educational background. There were 107
persons (82.3%) using dentures out of 130 with a high educational
background, and 105 persons (84.7%) using dentures out of 124with
a low educational background (p¼ 0.611, Chi-square test). Themean
values for social role in the TMIG-index in the participants usingTable 4
Comparisons of the mean values of TMIG-index and its subscale according to self-
assessed masticatory ability.
Total scores of
TMIG-index
(0-13 points)
Instrumental self
maintenance
(0-5 points)
Intellectual
activity
(0-4 points)
Social role
(0-4 points)
Self-assessed masticatory ability
Good n¼ 245 12.5 1.0 4.9 0.3 3.8 0.5 3.8 0.6
Fair n¼ 94 12.1 1.4 4.9 0.4 3.7 0.5 3.6 0.9
Poor n¼ 27 11.1 2.2 4.8 0.5 3.1 1.3 3.1 1.1
P< 0.001 P¼ 0.253 P< 0.001 P< 0.001
P-values were estimated for comparisons of the TMIG-index and its subscales
among the three categories of self-assessed masticatory ability by the Kruskal-
Wallis test.dentures (n¼ 212) and those not using dentures (n¼ 42) were
3.6 0.8 and 3.6 0.8, respectively (p¼ 0.764; ManneWhitney
U test).
4. Discussion
The present study showed that self-assessed masticatory ability
was signiﬁcantly related to higher level functional capacity, espe-
cially sublevels of intellectual activity and social role among young-
old persons living independently in the community after adjustment
for a number of confounding variables. These ﬁndings are essentially
consistent with a previous report about relationships between the
ability to chew hard foods and higher level functional capacity
among old-old persons9. As for young-old persons, the present study
added ﬁndings about the relationships between masticatory ability
and sublevels of the TMIG-index to the results of a prior study that
was limited to only the total score of the TMIG-index10.
Compliance with health and medical care recommendations is
thought to be inﬂuenced by recognition of the nature of the disease
and one’s own health conditions. Japanese elderly persons are
exposed to information about disease mostly through watching TV
and reading newspapers13. Questions on exposure to these media
are included in the intellectual activity sublevels of the TMIG-index
in the present study. Therefore, intellectual activity may affect oral
health conditions through a lack of recognition of the decline in oral
health status, and this could inﬂuence self-assessed masticatory
ability. Elderly persons with lower intellectual activity levels may
also have a weaker motivation for health-conscious attitudes
towards oral conditions and the use of oral health check-ups,
resulting in impaired self-assessed masticatory ability.
Furthermore, it is also possible that the relationships between
masticatory ability and intellectual activity may be explained by
each person’s economic status because the relative risk for impaired
masticatory ability is higher for persons with low income5, and
economic status may depend on educational background and
intellectual activity among elderly Japanese. Therefore, although
educational backgroundwas not signiﬁcantly related to oral hygiene
and the use of dentures in the present study, it is possible that
severely impaired masticatory ability may be related to a decline in
intellectual activity through these mechanisms.
The relationships between self-assessed masticatory ability and
social role can be explained by several possible mechanisms as
follows. First, the subjective evaluation of mastication may be
inﬂuenced by each individual perception of masticatory perfor-
mance, because a positive effect, deﬁned as emotional contentment
and happiness, was signiﬁcantly correlated with social activity14,
and perceived masticatory ability was also related to subjective
wellbeing among the elderly15.
Second, self-assessed masticatory ability may be impaired by
poor dental health conditions that are induced by not visiting the
dentist for long periods and by poor dental hygiene. The social role
of the TMIG-index was not signiﬁcantly related to oral hygiene and
the use of dentures in the present study. Nevertheless, social activity
was signiﬁcantly associated with utilization of dental services in an
elderly Swedish population16 and dental hygiene in a rural pop-
ulation in Japan17. Finally, it may also be that elderly persons with
impaired masticatory ability may be embarrassed in social situa-
tions and be reluctant to eat in the company of others. Outward
appearance and enjoying eating are perceived as the most positive
effects of teeth or dentures in elderly persons18.
Therefore, masticatory ability cannot be explained only by oral
conditions, as various general factors also need to be taken into
account. Certain health and psychosocial factors are closely
associated with self-assessed masticatory disability among older
people as well19. The ﬁndings here suggested that signiﬁcant
Table 6
Multivariate logistic regression analysis for subscales of TMIG index (n¼ 366).
Dependent variables
Intellectual activity Social role
3 points or less 3 points or less
Independent variables OR (95%CI)a P-values OR (95%CI)a P-values
Gender Female 1.00 1.00
Male 1.17 (0.64 e 2.14) 0.615 1.26 (0.71 e 2.23) 0.426
Age 67-68 yrs 1.00 1.00
69-70 yrs 1.75 (0.72 e 4.24) 0.217 1.95 (0.81 e 4.70) 0.139
71-72 yrs 0.92 (0.37 e 2.28) 0.852 1.46 (0.62 e 3.43) 0.390
73-74 yrs 1.02 (0.43 e 2.49) 0.973 1.36 (0.58 e 3.16) 0.477
Household With others 1.00 1.00
Alone 1.49 (0.74 e 3.00) 0.265 1.66 (0.85 e 3.26) 0.138
Education 10 yrs or over 1.00 1.00
Less than 10 yrs 4.17 (2.21 e 7.84) <0.001 1.25 (0.71 e 2.22) 0.443
Employment Working 1.00 1.00
Not working 0.68 (0.35 e 1.31) 0.246 1.74 (0.82 e 3.67) 0.148
The number of chronic medical diseases
0 1.00 1.00
1-2 1.39 (0.56 e 3.46) 0.476 1.86 (0.72 e 4.84) 0.202
3 or more 1.14 (0.41 e 3.19) 1.50 (0.53 e 4.30) 0.447
Mastication Good 1.00 0.804 1.00
Fair 1.68 (0.89 e 3.16) 0.107 1.51 (0.84 e 2.80) 0.191
Poor 2.93 (1.15 e 7.45) 0.024 3.87 (1.58 e 9.49) 0.003
a OR and 95%CI for 3 points or less were calculated as compared with 4 points (a full mark) of subscalesof TMIG index.
Table 5
Multivariate logistic regression analysis for the total score of TMIG index (n¼ 366).
TMIG-index
11-12 points 10 points or less
Independent variables OR (95%CI)a P-values OR (95%CI)a P-values
Gender Female 1.00 1.00
Male 1.45 (0.87 e 2.44) 0.158 1.34 (0.55 e 3.28) 0.527
Age 67-68 yrs 1.00 1.00
69-70 yrs 1.09 (0.51 e 2.34) 0.836 3.31 (0.76 e 14.46) 0.111
71-72 yrs 1.13 (0.55 e 2.31) 0.739 1.42 (0.32 e 6.40) 0.648
73-74 yrs 0.83 (0.40 e 1.72) 0.609 1.74 (0.43 e 7.02) 0.438
Household With others 1.00 1.00
Alone 0.82 (0.41 e 1.64) 0.574 2.49 (0.95 e 6.49) 0.063
Education 10 yrs or over 1.00 1.00
Less than 10 yrs 1.60 (0.95 e 2.72) 0.079 5.12 (1.89 e 13.85) 0.001
Employment Working 1.00 1.00
Not working 1.14 (0.61 e 2.13) 0.681 1.12 (0.40 e 3.12) 0.826
The number of chronic medical diseases
0 1.00 1.00
1-2 1.31 (0.61 e 2.82) 0.495 5.71 (0.66 e 49.57) 0.114
3 or more 1.04 (0.43 e 2.50) 0.927 7.16 (0.77 e 67.00) 0.084
Mastication Good 1.00 1.00
Fair 1.54 (0.87 e 2.71) 0.137 2.09 (0.82 e 5.35) 0.123
Poor 2.13 (0.78 e 5.80) 0.139 5.86 (1.79 e 19.16) 0.003
OR and 95%CI for 11-12 points and 10 points or less were calculated as compared with 13 points (a full mark) of TMIG index.
a OR; odds ratio, CI; conﬁdence interval.
S. Moriya et al.36interrelationships may exist between masticatory ability and
higher level functional capacity, especially intellectual activity and
social role among young-old persons living independently. It has
been shown that disability in these higher level capacities preceded
disability in descending capacity, i.e., instrumental activities of
daily living (IADL), and also predicted a future onset of a decline in
IADL20,21. Therefore, masticatory ability should be taken into
consideration when investigating factors associated with a decline
in independent living.
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